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Abstract 

 
The importance of personalization in many 

application areas is now well accepted and this is true 
of both telecommunications and web services. One 
important research area which spans 
telecommunications and web services is that of 
pervasive systems. Here the role of personalization is 
essential in order for a pervasive system to function 
effectively without the need for unnecessary interaction 
with the user and for improving the user experience by 
providing appropriate support for the actions taken by 
the user. However, in order to provide personalization 
in such a system the system needs to build up an 
adequate set of user preferences. This is a non-trivial 
task. This paper describes briefly the approaches to 
personalization included in the development of the 
pervasive system in the Daidalos project. It discusses 
some of the strategies involved in managing user 
preferences and the approaches being taken in the 
Daidalos system. In particular in the second phase a 
novel approach is proposed to deal with this problem.  
 
1. Introduction 
 

As developments in sensor and device technologies 
are leading to potentially large numbers of sensors and 
devices in the user’s environment [1] and the number 
of heterogeneous communication networks continues 
to increase, the range of different services available to 
a user is increasing at an even more rapid rate. The 
result is that the environment for the average user is 
steadily increasing in complexity, and will soon 
become unmanageable. The aim of pervasive 
computing is to alleviate this problem and assist the 
user by providing an intelligent environment that 
supports the user and enables him/her to manage this 
situation with minimal intervention [2, 3]. This 
includes dealing with services and resources in a 
dynamic fashion that best meets the user’s needs and 
preferences [4]. 

Personalisation has a key role to play in making a 
pervasive computing system more usable to the end-
user. The aim of personalisation is to adapt the 
functionality and behaviour of the system so that it 
reacts differently depending on the user’s context and 
the resources available at any instant, in accordance 
with his/her personal preferences. In the case of a 
mobile user this is particularly relevant since as he/she 
moves around, his/her context will change, including 
the devices, services and networks available at any 
point in time as well as their properties (e.g. Quality of 
Service). A pervasive system must track this changing 
context and adapt its behaviour when necessary. 

In order to provide effective personalization 
functionality, the system needs to build up for each 
user a set of user preferences together with their 
dependence on context [5]. These preferences should 
reflect as accurately as possible the user’s 
requirements. This is essential to adapt the behaviour 
of the system to meet the needs of the user with 
minimal user intervention. 

For this reason personalisation is especially 
important for telecommunication services in a 
pervasive computing system, and plays an important 
role in the Daidalos pervasive system. Daidalos [6] is a 
large European research project that aims to integrate a 
range of heterogeneous networks in a seamless way 
and develop a pervasive service platform on top of this 
to provide the user with personalised and context 
aware dynamic behaviour with minimal user 
intervention. The first phase of this project has recently 
been completed and a prototype system has been 
demonstrated. It is now entering its second phase and 
refining the architecture on the basis of the lessons 
learnt. 

This paper is concerned with some of the problems 
with building and maintaining a set of user preferences, 
particularly in the context of a pervasive system. The 
next section discusses personalization in a pervasive 
system and describes briefly the ways in which 
personalization is used in Daidalos. The following 
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sections describe three strategies used to establish user 
preferences for personalization, and the novel 
approaches being adopted in Daidalos to deal with this. 
 
2. Personalization in a Pervasive System 
 

As already noted, personalization is an important 
process that needs to be taken into account when 
developing systems today. Unfortunately, the notion of 
personalization is sometimes misunderstood and a very 
restrictive view of it is assumed. However, the nature 
of personalization is a general one and includes any 
process that affects the behaviour of a system in such a 
way that it appears or acts differently for different 
users or for the same user under different 
circumstances as determined by their individual user 
preferences. 

Most research in this area has concentrated on 
problems associated with information retrieval on the 
Web. For example, a major objective has been to adapt 
user queries by using information about the user so that 
the information returned has a higher likelihood of 
being of interest to the user. To achieve this, both the 
user preferences and the current user context are taken 
into account. 

Personalization can also be used in the control of 
layout and presentation for applications [7]. Users can 
specify their preferences on the layout of the screen as 
well as on background, size and colour of fonts, etc. 

In pervasive service environments similar types of 
personalisation can be found although there is scope 
for much more. For example, the Tivoli Personalized 
Service Manager [8] developed by IBM, supports the 
generation of web pages for specific devices, 
personalisation of portal home pages, translation into 
different languages, etc. However, it only takes 
account of the user’s profile and preferences and not 
dynamic context information such as location or 
current activity. Moreover, its personalisation features 
are restricted to the services supplied by the product 
itself. 

The SPE (Secure Persona Exchange) framework 
described by Brar and Kay [9] provides personalized 
services to users in ubiquitous computing 
environments based on user preferences stored on 
mobile devices although like [8], it does not take 
account of dynamic contextual data in achieving 
personalization.  

Another area where personalisation is used in 
pervasive service environments is that of service 
composition. For example, Sheng et al. [10] describe a 
personalised composite service specification 
architecture, which enables users to specify their needs 
through a set of process templates. However, this 
approach demands a heavy overhead of the user when 

orchestrating a composite service, which is not realistic 
when a large number of service compositions may 
occur dynamically.  Another system that incorporates a 
form of dynamic service composition is ‘eFlow’ 
(Casati [11]). This system includes personalisation 
based on user input of their requirements. The dynamic 
composition provided may be changed over a period of 
time, and hence over many compositions rather than 
within a single composition.  

Another project researching personalisation in 
ubiquitous environments is Carnegie Mellon’s Project 
Aura [12, 13], which uses task requirements and user 
intent to configure or reconfigure the intelligent 
environment to best support the user. MIT’s Project 
Oxygen focuses on the Intelligent Room, whose goal is 
to enable computers to communicate with users 
through vision and speech as humans do [14]. Other 
projects include Portolano, Sentient and others.  

Thus in the case of pervasive systems there are a 
variety of important ways in which personalization can 
be used to adapt the behaviour of a system. In Daidalos 
we have identified four of these and have been 
focusing on these thus far although personalization 
could also be used in other ways within the platform. 

(1) Personalization in Service Selection. When a 
user requests a service, a classical Service Discovery 
process is invoked to find possible services that can be 
used to satisfy the user’s request. If more than one 
possible service is found, the user’s preferences and 
current context are used to rank the list of options and 
the most appropriate one is selected. This aspect of 
personalization is referred to as Personalized Service 
Selection. This is described in more detail in [15]. 

 (2) Personalized Call Redirection. In the case of 
communication services such as phone calls and 
messaging services, one has a particular problem 
relating to how and when the connection is made. In a 
pervasive system where the aim is to give the user 
more control over his/her environment, it is not 
unreasonable to expect the called user to have some 
control over this process, specifying when, where and 
from whom calls or messages can be received. For 
example, if a user is at home on a weekend all work 
calls should be redirected to the office unless the call is 
from his/her boss. More details of this are given in 
[16]. 

(3) Personalized Network or Device Selection. In 
assembling component services together to meet a user 
request, this may include a network service and/or a 
particular device service (such as a print service). 
Having selected a particular network service, as the 
user moves about or other users load the network, the 
characteristics of the network may change and the QoS 
available to the user may fall. If this happens the 
pervasive environment needs to check whether other 
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options are available and, if necessary, switch to an 
appropriate one. Once again user preferences and 
context need to be taken into account in this process. 

(4) Personalization of Component Services. This is 
concerned with the more conventional aspects of 
personalization of user services. If an individual 
service component allows itself to be personalized by 
the user, then the particular user’s preferences (taking 
account of his/her current context) can be passed to the 
component via a set of parameters in the script. This 
form of personalization is application specific and the 
Pervasive Service Platform merely provides the 
parameters required without any understanding of the 
component. 

In each of these four cases one needs to maintain for 
each user a set of context-dependent user preferences. 
Managing this process is the subject of this paper. 

 
3. Establishing Preference Rules 
 

As already pointed out, any pervasive system that 
attempts to provide an intelligent infrastructure to 
support the user, and which aims to minimise the 
engagement of the user in making decisions on 
services and resources, must make use of 
personalisation. However, one of the major problems 
facing such a system is that personalisation depends on 
a set of user preferences, and in general it is very 
difficult to capture such a set which accurately reflects 
the needs of a particular user. This section discusses 
three approaches that may be used. 
 
3.1. Manual entry of preferences 
 

This approach relies on the user to enter his/her 
preferences manually through a user-friendly interface 
(generally a GUI). This ensures that preferences that 
are stored reflect user’s needs as accurately as possible 
within the constraints of the preference rule language. 

The major problem with this approach is the great 
difficulty in getting a user to perform this manual 
entry. Previous experience of our group from the 
European research project Youngster [17] 
demonstrated the problem very clearly. In this project 
an infrastructure was developed to support 
personalisation and context awareness and a number of 
applications were developed on top of these. These 
included: 

- A Buddyfinder application that could be used to 
locate friends. Provided that the user’s friends have 
given permission for the user to access their location 
information, the application would discover the 
location of one or more of the user’s friends and return 
these to the user. The result could either be displayed 
on a map or provided as a textual description.  

- A context-aware Messaging application, which, in 
addition to the usual functions associated with 
messaging, could be used to send messages to all 
friends who are nearby, or to send a message to the 
user when he/she is in a particular location (e.g. 
shopping reminder), and so on.  

These and other applications provided offered 
various opportunities for personalisation.  

The prototype was developed specifically with 
youngsters in mind and was evaluated in a four month 
field trial in which a group of 65 Norwegian 
schoolchildren were given devices (mobile phones and 
PDAs) hosting the system and its applications. During 
the period their use of the system was monitored, with 
appropriate anonymisation of the data collected. What 
the subsequent analysis of the data revealed was that 
the users could be classified into three main groups: 

(1) The expert users who tried a wide range of the 
facilities and used a number of these regularly. They 
even tried additional things with it using software from 
outside the system developed. 

(2) The interested users who tried out some of the 
facilities and used a few regularly although in general 
were more limited than the expert group.  

(3) The basic users who were only interested in the 
messaging system and even then did not make use of 
its personalisation and context-aware functionality. 

One important and disappointing result was that it 
was found that although users in the first two 
categories liked to play with the applications, they 
were not prepared to devote much time on setting up 
user preferences. Thus although they entered the 
personalisation subsystem in the beginning to set up 
their preferences, in general they set up few of these 
and very few of the users returned to update them later 
as we would have expected them to. Basically, manual 
entry of personal preferences was regarded as a tedious 
task and little time was spent on it. This is likely to be 
a problem with any pervasive system that uses this 
approach. 
 
3.2. Use of Stereotypes 
 

One way of overcoming the problem of building up 
user preferences is through the use of stereotypes [18]. 
By identifying possible stereotypes one may create a 
set of user preferences that match such a stereotype. 
The user may then select an appropriate stereotype and 
hence inherit the corresponding set of user preferences. 

Although this provides a useful starting point for a 
user, the approach does have several drawbacks: 

(1) In general it is not possible to create stereotypes 
that cover all applications although there will be some 
overlap between some of the applications. In the 
Youngster project this was handled by a dual approach. 
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On the one hand a context base of personalisation 
information kept track of user’s relationships with 
other users (e.g. friends, access rights, etc.), user’s 
interests and a set of common attribute value pairs (e.g. 
preferred styles) that might be used by more than one 
application. On the other hand each application could 
have its own application-specific user preferences, 
which might be supported by its own set of 
stereotypes. 

(2) Occasionally a stereotype may provide a very 
good fit to a user’s preferences, although more often it 
will be a compromise with some preferences that 
match the user’s needs and others that do not. By 
providing the user with the ability to view and update 
the preferences it is possible for the user to start with 
the set of preferences provided by a stereotype and 
adjust these as appropriate to provide a better match. 
However, from the experiences reported in the 
previous paragraph, if the user regards this as a tedious 
task, he/she may well tolerate a non-optimal situation 
rather than correct the preferences. 

(3) Some of the user preferences will change with 
time. In particular, as the user’s life changes, this can 
have a major effect on preferences; although such 
changes occur infrequently (e.g. change of job, change 
of home, change of family status, etc.) they can result 
in significant changes in the user’s preferences. On the 
other hand there are other preferences that are short 
term, e.g. task-dependent. These changes in 
preferences are difficult to capture in a stereotype. 

(4) For some applications the user may wish to have 
different stereotypes for different situations (e.g. at 
home or at work). In order to handle this one may 
make use of sub-stereotypes, i.e. subsets of the 
complete set of user preferences to handle different 
applications or different contexts. For example, one 
might have a sub-stereotype for call redirection that 
determines the user priorities here plus a separate sub-
stereotype for service selection. The latter may be 
further subdivided into a sub-stereotype for service 
selection when at work and a separate one for service 
selection while at home. And so on. It will be up to the 
user to select an appropriate starting set of sub-
stereotypes. 
 
3.3. Automatic Learning of Preferences 
 

This third option involves monitoring actions and 
decisions taken by a user and inferring from these, 
changes to a set of user preferences. Although this 
could be used to create a set of preferences from 
scratch, it is more effective if used in conjunction with 
either of the other two approaches. Thus if the user can 
set up an initial incomplete set of preferences or can 
choose a stereotype that provides an initial set of 

preferences, an automatic learning process can be used 
to refine these and create a more complete set that 
better fit the user’s needs. 

Although this approach has advantages over the 
other two, it has two major drawbacks: 

(1) Any learning process that attempts to infer 
preferences from user behaviour will suffer from the 
problem of one-off situations in which the normal 
preferences of the user are over-ruled by ad hoc 
preferences for some special reason. This is 
unavoidable and to ensure that these do not result in 
changes to the set of preferences, the user must be 
informed and given the opportunity to reject any false 
conclusions or modify them without affecting the 
learning process. 

(2) Short-term variations in user preferences can 
cause problems to the learning process as the user’s 
preferences seem to oscillate and make it very difficult 
to establish what they really are. These short-term 
variations are caused by changes in user context – the 
user’s location, the task he/she is performing, time of 
day, etc. By providing as much context information as 
possible to the learning process the problems caused by 
these short-term variations can be reduced. 
 
4. Managing Preferences in Daidalos 
 

The first phase of Daidalos investigated various 
options and developed a prototype that demonstrated 
the basic functionality required. At this stage the 
process of managing user preferences was regarded as 
less important than that of using them, and hence the 
simplest approach was adopted, namely manual entry 
of preferences. 

Internally preferences are stored in a rule-based 
format but in order to simplify the task for the user a 
GUI was developed in which different options were 
provided within a template and from this a rule was 
generated. 

The rule format used for personalized call or 
message redirection is as follows: 
<rule> ::= if <cond> then <action> 

<cond> ::= <cond1> AND <cond2> | <cond1>  

<cond1> ::= <cond2> OR <cond1> | <cond2> 

<cond2> ::= NOT <cond3> | <cond3> 

<cond3> ::= MESSAGE_SENDER(<VID>) | 

     MESSAGE_PRIORITY(<value>)| 

     RECIPIENT_AVAILABILITY(<yes|no>) | 

     RECIPIENT_LOCATION(<VID>,<loc>) | 

     WITHIN_TIME_INTERVAL(<time1>,<time2>) | 
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     WITHIN_DAY_INTERVAL(<day1>, <day2>) | 

     WITHIN_DATE_INTERVAL(<date1>, date2>) 

<action> ::= DELETE(message) | 

     DELIVER_TO(<devices>|<persons>)  

<persons> ::= <person_list> | 

     NEAREST(<person_list>,<loc>,<dist>) 

<person_list> ::= RELATED(<VID_list>,<relation>) 

<relation> ::= <friend> | <relative> | <GP>  

<VID-list> ::= <VID> | <VID>, <VID_list> 

<devices> ::= <device_list> | 

     NEAREST(<device_list>,<loc>,<dist>) | 

     CHEAPEST(<device_list>,<price>) 

<device_list>::=  OWNED(<id_list>,<ownership>) 

<id_list> ::= <identifier> |<identifier>, <id_list> 

<ownership> ::= <private> | <public> 

While the redirection process is only part of the 
overall personalization process this illustrates the 
format of preferences used in phase 1. 

In the second phase it is planned to use stereotypes 
as a means to get the user started with an initial set of 
preferences, followed by a process of machine learning 
to refine and maintain the preferences for each user. 

Once the user has an initial set of preferences, each 
time these are used to take a decision the user will be 
informed and can interact to stop the process. If the 
user does not stop the process, this reinforces the user 
preference, strengthening the weight to be placed on it. 
On the other hand, if the user does interact and choose 
a different option, the learning process will at some 
point determine whether a new preference can be 
inferred and present it to the user. 

There are two possible actions that might be taken 
when a new preference is inferred. The first is to 
register this as a change to the user’s preferences 
associated with this sub-stereotype. For each user 
his/her preferences are stored as the set of sub-
stereotypes plus the set of changes to be applied to 
these. 

The second possible action is to refine the sub-
stereotype itself. This occurs when a number of users 
have inferred the same change to the sub-stereotype. In 
this case the sub-stereotype is updated and for each 
user who uses this sub-stereotype the appropriate 
modification is made to his/her set of changes. 

In the context of learning theory, both approaches 
refer to the complementary adaptation processes 
outlined by Piaget 0.  The first approach is known as 

assimilation.  The new data is assimilated into the sub-
stereotype without changing the sub-stereotype 
schema.  The second is known as accommodation - the 
new data is accommodated into the sub-stereotype by 
changing the sub-stereotype schema to fit the new data. 

Once entered or learned, preferences will be stored 
in a hierarchical fashion.  At the lowest level there will 
be preferences related to specific service instances.  
Such preferences will hold information regarding the 
personalisable parameters of the related service.  At the 
next level there will be preferences related to some 
service type.  Such preferences will also hold 
information regarding personalisable service 
parameters but in addition will provide a higher level 
of preference information which can be applied to 
multiple services of the appropriate type (e.g. service 
selection preferences). 

One attribute that will be associated with each 
preference is its criticality level.  This indicates how 
critical this preference is to the user.  For example,. if 
the user is deaf, the preference “select no audio 
devices” is highly critical.  Criticality levels will be 
used to assess which preferences should be included in 
service filtering and which ones should be included in 
service ranking.  The service filtering task is a 
destructive one, removing unwanted items from the 
initial list.  In contrast, service ranking is not 
destructive.  It merely re-arranges the order of items in 
the initial list without removing any of them.  
Therefore preferences with a higher criticality level 
will be used in service filtering while preferences with 
lower criticality levels will be used for service ranking. 

 
5. Conclusions 
 

Personalization is generally regarded as an 
important component of any system that needs to be 
taken into account in the development of Internet and 
Web services. In the case of pervasive systems, which 
bring together telecommunications and web services, it 
has an essential role to play in minimizing unnecessary 
user interaction and improving the user experience. 

This is particularly relevant for telecommunication 
systems and services, where pervasive systems aim to 
provide the user with increased flexibility in the 
selection of network and devices to use for 
communication. They can also provide the user with 
increased control over what to do with an incoming 
call, or when the QoS begins to fall. They may also 
determine what telecommunication services are 
selected when the user makes a generic request for a 
type of service. 

Context-aware personalization of these processes is 
essential in order to minimize user interaction with the 
system for regular communications. This is important 
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for the Daidalos project, which is developing a 
pervasive service platform that is specifically aimed at 
supporting the mobile user. In the functionality 
provided by such a platform personalization can take a 
variety of forms, supporting processes such as service 
selection, call redirection and network or device 
selection. However, in order to make effective use of 
personalization it is necessary to have an appropriate 
set of user preferences. Herein lies a major problem 
since users are seldom prepared to spend the necessary 
time to build up the preferences that they require. 

This paper discusses three strategies that can be 
used to establish and maintain user preferences, and 
how they are used in the Daidalos pervasive service 
platform. Finally it describes a novel approach that is 
currently being considered for the second phase of 
development of this system. 
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